


























































































































































































































































































































+ 𝑉𝜓 = 𝐸𝜓




𝜓 = 𝐶𝑒𝜅𝑥 + 𝐷𝑒−𝜅𝑥

𝜅 =  
√2𝑚(𝑉 − 𝐸)
ℏ
𝜓 = 𝐴′𝑒𝑖𝑘𝑥 + 𝐵′𝑒−𝑖𝑘𝑥
𝐴 + 𝐵 = 𝐶 + 𝐷
𝐶𝑒𝜅𝐿 + 𝐷𝑒−𝜅𝐿 = 𝐴′𝑒𝑖𝑘𝐿 + 𝐵′𝑒
−𝑖𝑘𝐿
𝑖𝑘𝐴 − 𝑖𝑘𝐵 = 𝜅𝐶 − 𝜅𝐷
𝜅𝐶𝑒𝜅𝐿 − 𝜅𝐷𝑒−𝜅𝐿 = 𝑖𝑘𝐴′𝑒𝑖𝑘𝐿 − 𝑖𝑘𝐵′𝑒−𝑖𝑘𝐿


















𝐽 ≈ 𝑇2exp (−

























𝑓1(𝜀) = 1 (1 + exp 
𝜀−𝜇1
𝑘𝐵𝑇






















𝐺(𝜇) =  𝐺0 ∑ 𝑇𝑛(𝜇)
𝑛


























































































































𝑇(𝐸) = 𝑇𝑟𝑎𝑐𝑒(Γ𝑅(𝐸) 𝐺
𝑅(𝐸)Γ𝐿(𝐸) 𝐺
𝑅†(𝐸))
 𝛤𝐿,𝑅(𝐸) = 𝑖 (∑𝐿,𝑅(𝐸) − ∑𝐿,𝑅
†(𝐸))
∑𝐿,𝑅(𝐸) 𝐺






∫ 𝑑𝐸 𝑇(𝐸) (𝑓𝐿(𝐸) − 𝑓𝑅(𝐸))






















































 1[T3]1  5[T3]5
 3[T3]3  6[T3]6



































































 Group B (Air) 
 Group B (Argon)
 Group A (Air) 
 Group A (Argon)








































𝐺(𝐸𝐹) =  
2𝑒2
ℎ


























































































∆E = EA − EI + 𝐽
𝐷 + 𝐴 ⇌ 𝐷𝐴
𝐾 =
[𝐷𝐴]





































































 4 mM TCNE
 2 mM 6[T3]6
 2:4 mM 6[T3]6:TCNE








































0.016  [DEB] = 0.0495 M
 [DEB] = 0.099 M
 [DEB] = 0.198 M
 [DEB] = 0.297 M
 [DEB] = 0.396 M
 [DEB] = 0.495 M














































 6[T3]6 : TCNE
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